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(57) ABSTRACT 

Methods, systems, and apparatus, including computer pro 
grams encoded on computer storage media, for classifying 
queries. One of the methods includes the actions of obtaining 
a collection of search queries; for each query in the collection 
of search queries, determining whether other queries in the 
collection of search queries are refinements of the query, 
wherein the refinements of each query include the query 
terms and one or more additional terms not found in the 
query; determining a similarity between query pairs from the 
collection, wherein the similarity between a query pair is 
determined using the additional query terms from the refine 
ments of the respective search queries of the query pair; 
obtaining a classified sample group of search queries using a 
plurality of category labels; and classifying each other search 
query of the collection of search queries having one or more 
refinements. 

27 Claims, 2 Drawing Sheets 
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CLASSIFYING QUERIES 

BACKGROUND 

This specification relates to classifying queries. 5 
Internet search engines aim to identify resources, e.g., web 

pages, images, text documents, multimedia context, that are 
relevant to a user's needs and to present information about the 
resources in a manner that is most useful to the user. Internet 
search engines return a set of search results in response to a 10 
user Submitted query. Conventionally, each search result 
identifies a particular resource responsive to the query. If a 
user is dissatisfied with the search results returned for a query, 
the user can attempt to refine the original query to better 
match the user's needs. 15 

SUMMARY 

Queries can be classified with one or more category labels. 
In particular, a collection of queries can be obtained. For each 20 
search query in the collection, a system can determine 
whether one or more other queries in the collection are refine 
ments of the query. A query refinement includes the query 
terms and one or more additional terms. The system can then 
determine a similarity between pairs of queries using the 25 
refinement terms, referred to as meta-terms for the query. A 
sampling of the queries is manually classified by users. The 
manually classified queries are then used to extend the clas 
sification to similar queries in the collection of queries. 

In general, one innovative aspect of the Subject matter 30 
described in this specification can be embodied in methods 
that include the actions of obtaining a collection of search 
queries; for each query in the collection of search queries, 
determining whether other queries in the collection of search 
queries are refinements of the query, wherein the refinements 35 
of each query include the query terms and one or more addi 
tional terms not found in the query; determining a similarity 
between query pairs from the collection, wherein the similar 
ity between a query pair is determined using the additional 
query terms from the refinements of the respective search 40 
queries of the query pair, obtaining a classified sample group 
of search queries using a plurality of category labels; and 
classifying each other search query of the collection of search 
queries having one or more refinements using the plurality of 
category labels based on the classified sample group of search 45 
queries and the determined similarity. Other embodiments of 
this aspect include corresponding computer systems, appara 
tus, and computer programs recorded on one or more com 
puter storage devices, each configured to perform the actions 
of the methods. A system of one or more computers can be 50 
configured to perform particular operations or actions by 
virtue of having software, firmware, hardware, or a combina 
tion of them installed on the system that in operation causes or 
cause the system to perform the actions. One or more com 
puter programs can be configured to perform particular 55 
operations or actions by virtue of including instructions that, 
when executed by data processing apparatus, cause the appa 
ratus to perform the actions. 
The foregoing and other embodiments can each optionally 

include one or more of the following features, alone or in 60 
combination. The method further includes classifying un 
refined search queries of the collection of search queries that 
do not have a refinement including propagating one or more 
category labels from the classified search queries. The propa 
gating includes, for a given classified search query, identify- 65 
ing a non-refined search query sharing one or more terms in 
common with the given classified search query. Determining 

2 
the similarity between a query pair includes calculating a 
distance metric between two search queries of the pair. The 
distance metric is based on a word-vector cosine similarity. 
The distance metric is weighted using a term frequency 
inverse document frequency score for each query, wherein the 
term frequency-inverse document frequency score is based 
on the frequency of the additional terms of the query refine 
ment. Classifying each other search query having one or more 
refinements using the determined similarity includes deter 
mining, for each other search query, one or more nearest 
sample queries and applying the labels of the one or more 
nearest sample queries. The collection of search queries is 
aggregated too determine a single instance for each search 
query. The collection of search queries corresponds to search 
queries Submitted over a specified time period. Classifying a 
particular search query of the other search queries having one 
or more refinements includes identifying a specified number 
of classified search queries of the classified sample group of 
search queries that have a greatest similarity to the particular 
search query and using the specified number of classified 
search queries to determine the classification of the particular 
search query. 

Particular embodiments of the subject matter described in 
this specification can be implemented so as to realize one or 
more of the following advantages. Classifying queries can 
provide an improvement in search results provided in 
response to a received query. For example, the classification 
of a user submitted query can be used to identify relevant 
resources associated with that classification. Classified que 
ries can be used to provide specialize content in response to 
certain types of queries, for example, to provide specialized 
content within the same category as the query. The classified 
queries can be used to improve advertising as particular 
classes of queries may be better for certain types of adver 
tisements. The classified queries can also be used to improve 
ranking for search results responsive to the queries based on 
different ranking criteria for different classes of queries. 
Search result filtering, e.g., "safe search, may be improved 
based on the level of filtering applied to particular classes of 
queries. 
The details of one or more embodiments of the subject 

matter of this specification are set forth in the accompanying 
drawings and the description below. Other features, aspects, 
and advantages of the Subject matter will become apparent 
from the description, the drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an example search system. 
FIG. 2 is a flow diagram of an example method for classi 

fying queries. 
Like reference numbers and designations in the various 

drawings indicate like elements. 

DETAILED DESCRIPTION 

FIG. 1 shows an example search system 114 for providing 
search results relevant to Submitted queries as can be imple 
mented in an internet, an intranet, or another client and server 
environment. The search system 114 is an example of an 
information retrieval system in which the systems, compo 
nents, and techniques described below can be implemented. 
A user 1002 can interact with the search system 114 

through a client device 104. For example, the client 104 can 
be a computer coupled to the search system 114 through a 
local area network (LAN) or wide area network (WAN), e.g., 
the Internet. In some implementations, the search system 114 
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and the client device 104 can be one machine. For example, a 
user can install a desktop search application on the client 
device 104. The client device 104 will generally include a 
random access memory (RAM) 106 and a processor 108. 
A user 102 can submit a query 110 to a search engine 130 

within a search system 114. When the user 102 submits a 
query 110, the query 110 is transmitted through a network to 
the search system 114. The search system 114 can be imple 
mented as, for example, computer programs running on one 
or more computers in one or more locations that are coupled 
to each other through a network. The search system 114 
includes an index database 122 and a search engine 130. The 
search system 114 responds to the query 110 by generating 
search results 128, which are transmitted through the network 
to the client device 104 in a form that can be presented to the 
user 102, e.g., as a search results web page to be displayed in 
a web browser running on the client device 104. 
When the query 110 is received by the search engine 130, 

the search engine 130 identifies resources that match the 
query 110. The search engine 130 can determine a category 
label associated with the received query, for example, using 
an index of classified queries. The search engine 130 will 
generally include an indexing engine 120 that indexes 
resources, e.g., web pages, images, or news articles on the 
Internet, found in a corpus, e.g., a collection or repository of 
content, an index database 122 that stores the index informa 
tion, and a ranking engine 152, or other Software, to rank the 
resources that match the query 110. The indexing and ranking 
of the resources can be performed using conventional tech 
niques. The category label of the query 110 can be used in 
identifying resources. For example, indexed resources can 
include an associated category label that can be used as a 
factor in ranking resources that match the query. The search 
engine 130 can transmit the search results 1028 through the 
network to the client device 104 for presentation to the user 
102. 

FIG. 2 is a flow diagram of an example method 200 for 
classifying queries. For convenience, the method 200 will be 
described with respect to a system 200 that performs the 
method 200. 
The system obtains a collection of search queries (202). 

The collection of search queries can be obtained, for example, 
from one or more search query logs for a search system. The 
collection of search queries can include queries Submitted by 
multiple users to the search system over a specified period of 
time. For example, the collection of search queries can 
include search queries Submitted over a one year, two years, 
six months, and so on. In some implementations, the collec 
tion of search queries is specific to one or more geographic 
regions, e.g., countries, states, metro areas, or other geo 
graphic regions. Thus, for example, the collection of search 
queries can include search queries Submitted over the past 
year in the United States. 

In some implementations, the system processes the search 
queries in the collection of search queries, for example, to 
correct spelling errors, to remove punctuation, or to remove 
stop words. Additionally, in some other implementations, 
filters are applied to remove particular types of queries, for 
example, porn queries. 
The system aggregates queries in the collection of search 

queries (204). The collection of search queries can include 
repeated queries, e.g., identical search queries that have been 
submitted to the search system by one or more users within 
the specified period of time. The aggregation removes dupli 
cate search queries such that only a single instance of each 
unique search query is maintained in the collection of search 
queries. For example, if the search query “California State 
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4 
Fair occurs 1000 times, the aggregation retains one instance 
of “California State Fair” as well as a count of the number of 
times the search query occurred. The system can also store a 
count of each instance Such that the frequency of each query 
prior to aggregation is recorded. In some implementations, 
the collection of search queries is storeda as a table of search 
queries and corresponding frequencies. In some other imple 
mentations, variants of the same query are aggregated in 
addition to search queries that are identical. For example, 
differences in spelling can be identified and treated as the 
same query. In another example, abbreviations can be com 
bined with the full length query that is otherwise identical. 
For example, "California State Fair can be combined with 
“CA State Fair 
The system identifies query refinements (206). Each search 

query includes one or more terms. A term can be a word or a 
phrase of one or more words. A refinement of a search query 
includes all of the terms of a given query as well as one or 
more additional terms. For example, the search query can be 
a music group named “Petrichor.” The search query can also 
be associated with query refinements “Petrichor lyrics” or 
“Petrichor concerts. 

For each search query Q, all refinements R. . . . R are 
identified from the collection of search queries, or in particu 
lar, the aggregated collection of search queries. The addi 
tional terms found in each query refinement are referred to as 
meta-terms associated with the search query. For example, if 
the search query is “Petrichor, the associated meta-terms can 
include "lyrics, concert Schedule, band, Songs, album. Each 
meta-term can also have an associated frequency indicating 
the number of occurrences of the meta-term in refinements of 
the search query. In some implementations, the frequency is 
used to calculate a weight relative to the other queries in the 
collection of queries, for example, a term frequency-inverse 
document frequency weight as described below. Thus, the 
collection of search queries can be processed to provide a 
collection of search queries and their associated refinement 
meta-terms, if any. 
The system calculates similarity between pairs of search 

queries (208). In particular, the meta-terms for search queries 
are used to calculate the similarity between pairs of search 
queries. Various techniques can be used to calculate the simi 
larity between pairs of search queries. In some implementa 
tions, a distance metric is used wherein the “distance' 
between the search queries indicates the degree of similarity. 
Thus, the shorter the distance between a pair of queries, the 
more similarity exists between the queries. In some imple 
mentations, the system uses a word-vector cosine similarity 
as the distance metric for calculating similarity. As such, each 
search query is represented by a weighted vector of terms 
including the meta-terms for the search query. 
The weight can be based on the term frequency-inverse 

document frequency (tf-idf) weight of each query term and 
meta-term. Generally, the t?-idfweight is a numerical statistic 
that reflects how important a word is to a document in a 
collection. The t?-idf value increases proportionally to the 
number of times a word appears in the document, but is offset 
by the frequency of the word in the collection. This helps 
control for Some words generally being more common than 
others. Thus, the frequency of each term in the collection of 
search queries as well as the number of search queries is used 
to calculate a tif-idf weight for each term. 

For example, given the following queries and their respec 
tive meta-terms: 

Query A: Petrichor->lyrics, concertschedule, band, songs, 
album 
Query B: Soundbucket-slyrics, Songs, album, music 



US 8,918,416 B1 
5 

Query C. John Smith->albums, instrument, guitar 
Query D:Tuberculosis->symptoms, diagnosis, antibiotics, 

Xray 
Each meta-term can also have a corresponding t?-idf weight. 

Using the distance metric, it can be determined that “Pet 
richor and “Soundbucket” are similar queries. For example, 
because of the shared meta-terms and the respective weights 
of the meta-terms, the system can calculate the distance 
between the two search queries. “John Smith' e.g., a musi 
cian's name, is somewhat similar to the bands "Petrichor and 
“Soundbucket.” In addition to calculating distance, one or 
more distance thresholds can be determined for establishing 
similarity between a given pair of queries. If the distance 
between a pair of queries satisfies the threshold, they can be 
considered sufficiently similar, for example, to infer they 
belong to the same category as described in greater detail 
below. 

“Tuberculosis” is not related to any of the other three 
search queries, for example, because there are no shared 
meta-terms, the distance calculation can result in a large 
amount of distance between the search queries. In Such a 
manner, the similarity can be calculated between each pair of 
refined search queries in the collection of search queries. 
Alternatively, for each query a global search of the collection 
of queries can be performed to identify the closest, i.e., most 
similar, query or queries. 
The system obtains a group of manually labeled seed que 

ries (210). In particular, a group of sample search queries are 
selected from the collection of search queries. The sample 
search queries can be selected to provide an assortment of 
queries that span the breadth of collection of search queries. 
In some implementations, the group of sample search queries 
is limited to those search queries in the collection of search 
queries identified as having refinements. The group of sample 
search queries can be selected based on a popularity measure, 
for example, a specified number of most popular search que 
ries among the collection of search queries. In some alterna 
tive implementations, search queries can be selected at ran 
dom, e.g., according to a random or pseudo random number 
generator. Alternatively, the sample search queries can be 
obtained from a previously classified group of search queries. 
One or more human users then apply one or more category 

labels to each of the sample search queries from a specified 
collection of category labels. The collection of category 
labels can be obtained, for example, from an existing category 
hierarchy. For example, if the sample query is “Petrichor 
concert Schedule’ the human user can apply the label class: 
music. In some implementations, the human users apply one 
or more labels in increasing specificity. For example, labels 
designating a general category and one or more specific Sub 
categories, e.g., class: music; Subclass: musical groups. 

In some implementations, weights for the labeled search 
queries are modified, e.g., the t?-idfweights for the respective 
terms of the labeled search queries. In particular, search que 
ries assigned the same label can be modified so that the 
distance between the search queries is Smaller. In some other 
implementations, dissimilar labeled search queries can be 
modified to increase the distance between them. Thus, mem 
bers of the same class will have smaller distances between 
them while members of different classes should have larger 
distances between them. For example, for two queries that 
were labeled as automotive, the terms “horsepower” and 
“mpg may get large weights because they were in common, 
and rarely appeared in other labels. By contrast the terms 
"picture' or “msrp' would get lower weights, because— 
although they were common refinements of automotive que 
ries, they were also common terms in other classes of queries. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Different optimization techniques can be performed to move 
similar search queries together and dissimilar search queries 
apart. 
The system classifies the search queries in the collection of 

search queries having query refinements (212). In particular, 
the system applies one or more category labels to search 
queries having query refinements. To classify each search 
query, the system uses the category labels assigned to each of 
the sample search queries and the calculated similarity, e.g., 
distance between queries, to identify one or more nearest 
queries for each of the labeled sample queries. 

In some implementations, for a search query to be classi 
fied, the system identifies a specified number of classified 
search queries that are closest to the search query to be clas 
sified. For example, the system can identify five nearest 
search queries from already classified search queries, e.g., the 
manual labeled sample search queries or other classified que 
ries. Nearest queries can be based on the distance metric 
described above. The five closest classified search queries are 
then used to determine the classification of the search query to 
be classified. 

In some implementations, the labeled categories of the 
nearest search queries are used to vote on the classification to 
determine a consensus label apply to the search query. For 
example, for five nearest search queries, the label that occurs 
most often can be assigned to the search query as the winning 
classification. A confidence measure can be assigned based 
on the winning share of labels. For example, if four out offive 
nearest search queries are labeled as having “music' classi 
fication, the confidence measure can be /S or 80%. 

In some other implementations, the five nearest search 
queries are weighted based on how close they are to the search 
query being classified. Thus, a very similar search query, e.g., 
very close distance metric, would have more label Voting 
power than a distant search query even though both were in 
the specified number of closest search queries. The weighted 
Votes could be Summed to obtain a confidence measure. 

Consequently, the system infers classification of search 
queries based on similarity between terms and associated 
meta-terms of each. For example, if the search query “Petri 
chor having meta-terms "lyrics, concert Schedule, band, 
Songs, album' is manually classified as class: music, then 
other queries having a high similarity, i.e., shortest distance, 
to the search query “Petrichor can be inferred to also belong 
to class: music. For example, the search query “sound 
bucket' having meta-terms "lyrics, Songs, album, music' can 
have a calculated distance from “Petrichor.” using the simi 
larity measure, that satisfies a specified threshold distance. 
Consequently, the search query “soundbucket' and the asso 
ciated refined queries are each labeled class: music. Alter 
natively, the system can consider each manually labeled 
sample query and identify each other refined query in the 
collection that has satisfies a threshold similarity, i.e., a 
threshold nearness, to the already labeled sample query? 
The system optionally classifies the search queries in the 

collection of search queries that do not have query refine 
ments (214). To classify search queries without refinements, 
the system propagates labels down from classified search 
queries of the collection of search queries. For example, the 
classified query “Petrichor-class: music implies that the 
non-refined search query “Who opened for Petrichor in 
1998'-class: music). More specifically, if “Petrichor” is the 
original query, “who opened for Petrichor is a refinement of 
“Petrichor.” The query “who opened for Petrichor in 1998” is 
also a refinement of “Petrichor and is also a refinement of 
“who opened for Petrichor.” Both refinements can be classi 
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fied with the same label as the original query “Petrichor.” 
Further, this may allow for the labeling of queries that have 
not been previously observed. 
Once the search queries have been classified, the system 

can store them, for example, in a database or as entries in an 
index. In some implementations, a search index is annotated 
with the classifications. A search system can then use the 
classification in identifying search results in response to a 
received query. For example, the classification of a user Sub 
mitted query can be used to identify relevant resources asso 
ciated with that classification. Classified queries can be used 
to provide specialize content in response to certain types of 
queries, for example, to provide specialized content within 
the same category as the query. The classified queries can be 
used to provide advertising where particular classes of que 
ries may be better suited for providing certain types of adver 
tisements. The classified queries can also be used as a factor 
in ranking search results responsive to the queries, for 
example, based on different ranking criteria for different 
classes of queries. 

Embodiments of the subject matter and the functional 
operations described in this specification can be implemented 
in digital electronic circuitry, in tangibly-embodied computer 
Software or firmware, in computer hardware, including the 
structures disclosed in this specification and their structural 
equivalents, or in combinations of one or more of them. 
Embodiments of the subject matter described in this specifi 
cation can be implemented as one or more computer pro 
grams, i.e., one or more modules of computer program 
instructions encoded on a tangible non-transitory program 
carrier for execution by, or to control the operation of data 
processing apparatus. Alternatively or in addition, the pro 
gram instructions can be encoded on an artificially-generated 
propagated signal, e.g., a machine-generated electrical, opti 
cal, or electromagnetic signal, that is generated to encode 
information for transmission to Suitable receiver apparatus 
for execution by a data processing apparatus. The computer 
storage medium can be a machine-readable storage device, a 
machine-readable storage substrate, a random or serial access 
memory device, or a combination of one or more of them. 
The term “data processing apparatus' encompasses all 

kinds of apparatus, devices, and machines for processing 
data, including by way of example a programmable proces 
Sor, a computer, or multiple processors or computers. The 
apparatus can include special purpose logic circuitry, e.g., an 
FPGA (field programmable gate array) or an ASIC (applica 
tion-specific integrated circuit). The apparatus can also 
include, in addition to hardware, code that creates an execu 
tion environment for the computer program in question, e.g., 
code that constitutes processor firmware, a protocol stack, a 
database management system, an operating system, oracom 
bination of one or more of them. 
A computer program (which may also be referred to or 

described as a program, Software, a Software application, a 
module, a software module, a Script, or code) can be written 
in any form of programming language, including compiled or 
interpreted languages, or declarative or procedural lan 
guages, and it can be deployed in any form, including as a 
stand-alone program or as a module, component, Subroutine, 
or other unit Suitable for use in a computing environment. A 
computer program may, but need not, correspond to a file in a 
file system. A program can be stored in a portion of a file that 
holds other programs or data, e.g., one or more scripts stored 
in a markup language document, in a single file dedicated to 
the program in question, or in multiple coordinated files, e.g., 
files that store one or more modules, Sub-programs, or por 
tions of code. A computer program can be deployed to be 
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executed on one computer or on multiple computers that are 
located at one site or distributed across multiple sites and 
interconnected by a communication network. 
The processes and logic flows described in this specifica 

tion can be performed by one or more programmable com 
puters executing one or more computer programs to perform 
functions by operating on input data and generating output. 
The processes and logic flows can also be performed by, and 
apparatus can also be implemented as, special purpose logic 
circuitry, e.g., an FPGA (field programmable gate array) or an 
ASIC (application-specific integrated circuit). 

Computers suitable for the execution of a computer pro 
gram include, by way of example, can be based on general or 
special purpose microprocessors or both, or any other kind of 
central processing unit. Generally, a central processing unit 
will receive instructions and data from a read-only memory or 
a random access memory or both. The essential elements of a 
computer are a central processing unit for performing or 
executing instructions and one or more memory devices for 
storing instructions and data. Generally, a computer will also 
include, or be operatively coupled to receive data from or 
transfer data to, or both, one or more mass storage devices for 
storing data, e.g., magnetic, magneto-optical disks, or optical 
disks. However, a computer need not have such devices. 
Moreover, a computer can be embedded in another device, 
e.g., a mobile telephone, a personal digital assistant (PDA), a 
mobile audio or video player, a game console, a Global Posi 
tioning System (GPS) receiver, or a portable storage device, 
e.g., a universal serial bus (USB) flash drive, to name just a 
few. 

Computer-readable media Suitable for storing computer 
program instructions and data include all forms of non-vola 
tile memory, media and memory devices, including by way of 
example semiconductor memory devices, e.g., EPROM, 
EEPROM, and flash memory devices; magnetic disks, e.g., 
internal hard disks or removable disks; magneto-optical 
disks; and CD-ROM and DVD-ROM disks. The processor 
and the memory can be Supplemented by, or incorporated in, 
special purpose logic circuitry. 
To provide for interaction with a user, embodiments of the 

Subject matter described in this specification can be imple 
mented on a computer having a display device, e.g., a CRT 
(cathode ray tube) or LCD (liquid crystal display) monitor, 
for displaying information to the user and a keyboard and a 
pointing device, e.g., amouse or a trackball, by which the user 
can provide input to the computer. Other kinds of devices can 
be used to provide for interaction with a user as well; for 
example, feedback provided to the user can be any form of 
sensory feedback, e.g., visual feedback, auditory feedback, or 
tactile feedback; and input from the user can be received in 
any form, including acoustic, speech, or tactile input. In addi 
tion, a computer can interact with a user by sending docu 
ments to and receiving documents from a device that is used 
by the user; for example, by sending web pages to a web 
browser on a user's client device in response to requests 
received from the web browser. 

Embodiments of the subject matter described in this speci 
fication can be implemented in a computing system that 
includes a back-end component, e.g., as a data server, or that 
includes a middleware component, e.g., an application server, 
or that includes a front-end component, e.g., a client com 
puter having a graphical user interface or a Web browser 
through which a user can interact with an implementation of 
the Subject matter described in this specification, or any com 
bination of one or more such back-end, middleware, or front 
end components. The components of the system can be inter 
connected by any form or medium of digital data 
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communication, e.g., a communication network. Examples 
of communication networks include a local area network 
(“LAN”) and a wide area network (“WAN”), e.g., the Inter 
net. 

The computing system can include clients and servers. A 
client and server are generally remote from each other and 
typically interact through a communication network. The 
relationship of client and server arises by virtue of computer 
programs running on the respective computers and having a 
client-server relationship to each other. 

While this specification contains many specific implemen 
tation details, these should not be construed as limitations on 
the scope of any invention or of what may be claimed, but 
rather as descriptions of features that may be specific to 
particular embodiments of particular inventions. Certain fea 
tures that are described in this specification in the context of 
separate embodiments can also be implemented in combina 
tion in a single embodiment. Conversely, various features that 
are described in the context of a single embodiment can also 
be implemented in multiple embodiments separately or in any 
suitable subcombination. Moreover, although features may 
be described above as acting in certain combinations and even 
initially claimed as Such, one or more features from a claimed 
combination can in Some cases be excised from the combi 
nation, and the claimed combination may be directed to a 
Subcombination or variation of a Subcombination. 

Similarly, while operations are depicted in the drawings in 
a particular order, this should not be understood as requiring 
that such operations be performed in the particular order 
shown or in sequential order, or that all illustrated operations 
be performed, to achieve desirable results. In certain circum 
stances, multitasking and parallel processing may be advan 
tageous. Moreover, the separation of various system modules 
and components in the embodiments described above should 
not be understood as requiring such separation in all embodi 
ments, and it should be understood that the described program 
components and systems can generally be integrated together 
in a single software product or packaged into multiple soft 
ware products. 

Particular embodiments of the subject matter have been 
described. Other embodiments are within the scope of the 
following claims. For example, the actions recited in the 
claims can be performed in a different order and still achieve 
desirable results. As one example, the processes depicted in 
the accompanying figures do not necessarily require the par 
ticular order shown, or sequential order, to achieve desirable 
results. In certain implementations, multitasking and parallel 
processing may be advantageous. 
What is claimed is: 
1. A method comprising: 
obtaining a collection of search queries; 
for each query in the collection of search queries, deter 

mining whether other queries in the collection of search 
queries are refinements of the query, wherein the refine 
ments of each query include the query terms and one or 
more additional terms not found in the query; and 

for a group of queries determined to have one or more 
refinements: 
determining a similarity between pairs of queries in the 

group, wherein the similarity between a given query 
pair is determined using the additional query terms 
from the refinements of the respective search queries 
of the query pair; 

obtaining a sample group of labeled search queries from 
the group of queries determined to have one or more 
refinements, wherein each labeled search query in the 
sample group includes a corresponding category label 
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10 
that was previously assigned to the search query from 
a collection of category labels; and 

classifying each search query of the group of queries 
determined to have one or more refinements with one 
or more of the category labels including, for each 
search query: 
using the determined similarity between pairs of que 

ries in the group to determine a specified number of 
labeled search queries in the sample group that are 
nearest to the query according to a distance metric, 
and 

using the nearest labeled search queries to determine 
the classification of the search query. 

2. The method of claim 1, further comprising: 
classifying un-refined queries of the collection of search 

queries that do not have a refinement including propa 
gating one or more category labels from the classified 
search queries. 

3. The method of claim 2, wherein the propagating 
includes, for a given classified search query, identifying a 
non-refined search query sharing one or more terms in com 
mon with the given classified search query. 

4. The method of claim 1, wherein determining the simi 
larity between a query pair includes calculating a particular 
distance metric between the two search queries of the query 
pair. 

5. The method of claim 4, wherein the distance metric is 
based on a word-vector cosine similarity. 

6. The method of claim 4, wherein the distance metric is 
weighted using a term frequency-inverse document fre 
quency score for each query, wherein the term frequency 
inverse document frequency score is based on the frequency 
of the additional terms of the query refinement. 

7. The method of claim 1, wherein using the nearest labeled 
search queries to determine the classification of the search 
query includes applying a consensus label using the labels of 
the specified number of nearest labeled search queries. 

8. The method of claim 1, wherein the collection of search 
queries is aggregated to determine a single instance for each 
query. 

9. The method of claim 1, wherein classifying a particular 
search query of the other search queries having one or more 
refinements includes identifying a specified number of clas 
sified search queries of the classified sample group of search 
queries that have a greatest similarity to the particular search 
query and using the specified number of classified search 
queries to determine the classification of the particular search 
query. 

10. A system comprising: 
one or more computers configured to perform operations 

comprising: 
obtaining a collection of search queries; 
for each query in the collection of search queries, deter 

mining whether other queries in the collection of 
search queries are refinements of the query, wherein 
the refinements of each query include the query terms 
and one or more additional terms not found in the 
query; and 

for a group of queries determined to have one or more 
refinements: 
determining a similarity between pairs of queries in 

the group, wherein the similarity between a given 
query pair is determined using the additional query 
terms from the refinements of the respective search 
queries of the query pair, 

obtaining a sample group of labeled search queries 
from the group of queries determined to have one or 
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more refinements, wherein each labeled search 
query in the sample group includes a corresponding 
category label that was previously assigned to the 
search query from a collection of category labels; 
and 

classifying each search query of the group of queries 
determined to have one or more refinements with 
one or more of the category labels including, for 
each search query: 
using the determined similarity between pairs of 

queries in the group to determine a specified 
number of labeled search queries in the sample 
group that are nearest to the query according to a 
distance metric, and 

using the nearest labeled search queries to deter 
mine the classification of the search query. 

11. The system of claim 10, further comprising: 
classifying un-refined search queries of the collection of 

search queries that do not have a refinement including 
propagating one or more category labels from the clas 
sified search queries. 

12. The system of claim 11, wherein the propagating 
includes, for a given classified query, identifying a non-re 
fined search query sharing one or more terms in common with 
the given classified search query. 

13. The system of claim 10, wherein determining the simi 
larity between a query pair includes calculating a particular 
distance metric between the two search queries of the pair. 

14. The system of claim 13, wherein the distance metric is 
based on a word-vector cosine similarity. 

15. The system of claim 13, wherein the distance metric is 
weighted using a term frequency-inverse document fre 
quency score for each query, wherein the term frequency 
inverse document frequency score is based on the frequency 
of the additional terms of the query refinement. 

16. The system of claim 10, wherein using the nearest 
labeled search queries to determine the classification of the 
Search query includes applying a consensus label using the 
labels of the specified number of nearest labeled search que 
1eS. 

17. The system of claim 10, wherein the collection of 
search queries is aggregated to determine a single instance for 
each query. 

18. The system of claim 10, wherein classifying a particu 
lar search query of the other search queries having one or 
more refinements includes identifying a specified number of 
classified search queries of the classified sample group of 
Search queries that have a greatest similarity to the particular 
Search query and using the specified number of classified 
Search queries to determine the classification of the particular 
Search query. 

19. A non-transitory computer storage medium encoded 
with a computer program, the program comprising instruc 
tions that when executed by one or more computers cause the 
one or more computers to perform operations comprising: 

obtaining a collection of search queries: 
for each query in the collection of search queries, deter 

mining whether other queries in the collection of search 
queries are refinements of the query, wherein the refine 
ments of each query include the query terms and one or 
more additional terms not found in the query; and 

for a group of queries determined to have one or more 
refinements: 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

12 
determining a similarity between pairs of queries in the 

group, wherein the similarity between a given query 
pair is determined using the additional query terms 
from the refinements of the respective search queries 
of the query pair; 

obtaining a sample group of labeled search queries from 
the group of queries determined to have one or more 
refinements, wherein each labeled search query in the 
sample group includes a corresponding category label 
that was previously assigned to the search query from 
a collection of category labels; and 

classifying each search query of the group of queries 
determined to have one or more refinements with one 
or more of the category labels including, for each 
search query: 
using the determined similarity between pairs of que 

ries in the group to determine a specified number of 
labeled search queries in the sample group that are 
nearest to the query according to a distance metric, 
and 

using the nearest labeled search queries to determine 
the classification of the search query. 

20. The non-transitory computer storage media of claim 
19, further comprising: 

classifying un-refined search queries of the collection of 
search queries that do not have a refinement including 
propagating one or more category labels from the clas 
sified search queries. 

21. The non-transitory computer storage media of claim 
20, wherein the propagating includes, for a given classified 
search query, identifying a non-refined query sharing one or 
more terms in common with the given classified search query. 

22. The non-transitory computer storage media of claim 
19, wherein determining the similarity between a query pair 
includes calculating a particular distance metric between the 
two search queries of the pair. 

23. The non-transitory computer storage media of claim 
22, wherein the distance metric is based on a word-vector 
cosine similarity. 

24. The non-transitory computer storage media of claim 
22, wherein the distance metric is weighted using a term 
frequency-inverse document frequency score for each query, 
wherein the term frequency-inverse document frequency 
score is based on the frequency of the additional terms of the 
query refinement. 

25. The non-transitory computer storage media of claim 
19, wherein using the nearest labeled search queries to deter 
mine the classification of the search query includes applying 
a consensus label using the labels of the specified number of 
nearest labeled search queries. 

26. The non-transitory computer storage media of claim 
19, wherein the collection of search queries is aggregated to 
determine a single instance for each query. 

27. The non-transitory computer storage media of claim 
19, wherein classifying a particular search query of the other 
search queries having one or more refinements includes iden 
tifying a specified number of classified search queries of the 
classified sample group of search queries that have a greatest 
similarity to the particular search query and using the speci 
fied number of classified search queries to determine the 
classification of the particular search query. 


